The Monte Carlo shell model is firstly applied to the calculation of the no-core shell model in light nuclei. The results are compared with those of the full configuration interaction. The agreements between them are within a few % at most.
INTRODUCTION
One of the major challenges of nuclear theory is to understand the nuclear structure from ab-inito calculations with realistic nuclear forces. The no-core shell model (NCSM) [1] is one of these ab-initio methods. One obstacle for carrying out these calculations is the demand for extensive computational resources. Even at state-of-the-art computational facilities, the NCSM calculations are restricted up to the p-shell nuclei with sufficiently large model spaces [2] . Therefore, a method to overcome the current computational limitation of the standard NCSM calculations is needed.
With this motivation, the Monte Carlo shell model (MCSM) [3] is applied to no-core full configuration interaction (FCI) calculations. The MCSM is based on the idea of stochastic sampling of the bases. We can reduce the large Hamiltonian matrices and diagonalize the smaller matrices spanned by a small number of importance-truncated bases stochastically selected. In such a way, we can carry out calculations comparable to the large-scale diagonalization in the standard NCSM calculations.
NUMERICAL RESULTS
As the benchmark, we select 9 states of light nuclei; 4 He (0 + ), 6 He (0 + ), 6 Li (1 + ), 7 Li (1/2 − , 3/2 − ), 8 Be (0 + ), 10 B (1 + , 3 + ), and 12 C (0 + ). The calculated observables are the binding energy, the point-particle root-mean-square (RMS) matter radius, and the electromagnetic moments. The model space is truncated by the number of the major shells for the single-particle states. We adopt N shell = 2, 3, and 4 in this work. The oscillator energy,hΩ, is optimized to give the lowest energy for that state and model space. The effects of the Coulomb force and the spurious center-of-mass excitation are not considered for this benchmark. The MCSM results are compared with those of FCI, which gives the exact results in the chosen single-particle model space. The FCI results are obtained by the MFDn code [4] , and the MCSM results by the newly developed code [5] . We extrapolate the MCSM results of the energy and the radius by using the energy variance, which is a new ingredient of the recent MCSM approach [6] . Both in the MCSM and FCI calculations, we use the JISP16 NN interaction [7] . The binding energies obtained by MCSM and FCI can be found in FIGURE 1 (a). The MCSM results are extrapolated by the energy variance with the second-order polynomials. In the figure, the MCSM results are compared with the exact results by FCI. As shown in TABLE 1, the differences between them are around a few tens of keV at most, and cannot be recognized at the energy scale of the figure. The binding energies of 10 B (1 + , 3 + ) and 12 C (0 + ) are the predictions by MCSM. These calculations exceed the current computational limitation of FCI. The point-particle RMS matter radii are shown in FIGURE 1 (b) . The MCSM results are extrapolated by the energy variance with the first-order polynomials. The differences between the MCSM and FCI are quite small, and are roughly of the order of 10 −3 fm at most. FIGURE 1 (c) and (d) show the MCSM and FCI results of the electromagnetic moments. For these observables, due to the large cancellation of the contaminations from the excited states, even without the energy-variance extrapolations, the MCSM gives results within a few % of the exact FCI results. Note that for the magnetic moments the dependence on the model space is quite small both for MCSM and FCI results. TABLE 1 summarizes the MCSM and FCI results of various observables. All of the MCSM results with the energy-variance extrapolations give sufficiently converged results that agree with the FCI results to within a few %.
SUMMARY
As the exploratory work, the MCSM approach has been applied to the FCI calculations. We have performed the benchmark of the binding energies, point-particle RMS matter radii, and the electromagnetic moments for light nuclei ranging from 4 He to 12 C. The binding energies and the point-particle RMS matter radii calculated by MCSM were extrapolated by the energy variance. The MCSM and FCI results were compared in various model spaces. The no-core MCSM shows good agreement with the FCI results within a few % of deviation at most for the observables we have investigated. The details of this work can be found in future publications [8] . 
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